Abstract Functional food has been highly demanded lately because of its benefits in counteracting diseases. Fucoidan and agave fructan are ingredients that enhance the growth of beneficial bacteria in the gut (prebiotics). This mixture has great potential to develop innovative products but it has never been explored before. Because of fucoidan is more expensive than agave fructan, the innovative proposed mixture is vulnerable to adulteration. This research was aimed to assess the accuracy of Fourier transform infrared spectroscopy with attenuated total reflectance (ATR-FTIR) coupled with chemometrics to identify and predict concentration of both polysaccharides in powder mixtures (0-100%). Absorption bands at 1240-1255 and 836-840 cm -1 were attributed to fucoidan and a strong peak at * 936 cm -1 confirmed the fructan presence. Peak areas were best fitted into linear models (R 2 adj C 0.92, RMSE B 3.54%). This achievement may be useful to certificate ingredients contained in fucoidanfructan mixtures, preventing adulteration.
Introduction
Agave is an important crop in Mexico, being the total production of 1846,345 MT in 2015 [1] . Agave plants belong to the family Agavaceae (genus Agave) and their leaves are over 1 m long in adult plants [2] . Mature agave plants (8-12 years) accumulate 13-17% (w/w) of fresh weight fructans [3] . Fructans are reserve carbohydrates that enhance the plant cold and drought tolerance. They are composed of fructose (b (2-1 and/or b 2-6 linkages) [4] and are fermented in colon because they can not be hydrolyzed by enzymes contained in human salivary and intestine. Fructans have shown good performance as stabilizers, sweeteners, moisturizers, gellifiers, natural prebiotics and dietary fiber [5] . Little research has been conducted to date about fructans despite the interest in their use as functional food ingredients continues to grow in the food industry.
Another ingredient is fucoidan, which is a biologically active compound, an anionic polysaccharide that is obtained from the extracellular matrix from edible brown seaweeds. It is composed of L-fucopyranose units, sulfated ester groups and small proportions of D-xylose, D-mannose, D-galactose, L-rhamnose, arabinose, glucose, D-glucuronic acid and acetyl groups [6, 7] . Fucoidan has antioxidant, anti-inflammatory, anti-allergic, anti-thrombotic, anti-obesity, in vitro anti-coagulant, anti-viral, anti-uropathy and anti-tumor activities [6, 8] . Moreover, fucoidan inhibits the growth of bacteria known to develop multi-drug resistance and chronic active gastritis and does not cause liver toxicity [7, 9] . Research about sulfated polysaccharides such as heparin, heparin oligosaccharides and fucoidan has been registered since 1950 and the amount of published papers has increased lately. On the other hand, agave fructan was not studied until 1990. Although research in this topic has been increased, it only represents 2% of the highest amount of sulfated polysaccharides published works [10] . Fucoidan and agave fructans are polysaccharides recognized as safe (GRAS) by the USA Food and Drug Administration (FDA). Based on their approval, innovative products can be developed by using them as a mixture, which has not been tested nor explored before. Fucoidan is more expensive than agave fructan and the mixture is target of adulteration for economic gain. Because of this, consumers may be in risk to pay higher or lower prices to acquire substandard products of reduced nutritional value with risk to health [11] .
Besides developing new functional products, there is a need to provide rapid, non-destructive and reliable testing tools for the ingredients certification in the food industry [11] . Fourier transform infrared (FTIR) spectroscopy is a technology that is widely used by food industry to monitor food adulteration. It has many advantages such as simplicity, reliability, ease of maintenance and use [12] .
The aim of this short communication was to propose a new powder mixture composed of agave fructan and fucoidan. Moreover, the polysaccharides were identified and their concentrations were predicted by ATR-FTIR coupled with chemometrics to prevent economic adulteration.
Materials and methods
Agave fructan powder was procured from Ingredion Mexico Co. (Guadalajara, Jalisco, Mexico). C 85% Fucoidan from Undaria pinnatifida powder was purchased from Haewon Biotech Inc. (Chongro-gu, Seoul, Korea). a-D-fructose and b-D-fructose were purchased from MP Biomedicals, Inc. (Solon, OH, USA).
Samples were prepared by mixing fructan and fucoidan with different ratio (Table 1) at 25°C by duplicate. Mixtures were analyzed by infrared attenuated total reflectance (FTIR/ ATR) spectroscopy, performed by Perkin Elmer Inc. (Waltham, MA, USA) equipment operating at 4 cm -1 resolution. The mirror velocity was 0.08 cm -1 and 35 interferograms were co-added before Fourier transformation. Spectra were collected from 4000 to 650 cm -1 in the absorbance mode and normalized that the absorption band at ca. 1008 cm -1 equaled to 1. Normalization did not alter the proportion of signals in the origin spectra.
Chemometrics and partial least square multivariate regression data analysis were performed using the software version 8 OriginPro (Northampton, MA, USA). The models' ability to fit all experimental data, the R 2 adj and the standard deviation (RMSE) were calculated.
Results and discussion

Agave fructan and fucoidan mixtures FTIR spectra
Agave fructan-fucoidan mixtures FTIR spectra are shown in Fig. 1(A) . All powder samples showed absorption bands at * 3400 (1), * 2920 (2) and 900-1200 cm -1 regions (3). Sharp differences were observed at 1240-1255 (4) and 836-840 cm -1 (5) regions. These signals at 4 and 5 regions increased as fucoidan concentration was increased in the mixtures. The opposite effect was observed in these regions when agave fructan concentration was increased in samples. Another strong absorption band was evidenced at * 936 cm -1 (6) . This signal showed the highest absorbance values in samples composed of agave fructan in major proportion, being decreased as the amount of this ingredient was reduced. Absorption bands found at region 1 are characteristic of O-H stretching and region 2 peaks evidenced the C-H stretching and C-C ring stretching. Region 3 signals belong to the carbohydrate fingerprint, which are attributed to COC group vibrations in cyclic structures, as have been confirmed by several research works [13] . S=O stretching and C-O-S bending vibration of sulfate substituents at the axial C-4 position signals were found in regions 4 and 5, respectively, and were attributed to fucoidan. These two signals have been essential for fucoidan characterization by FTIR in many works. For instance, Pielesz et al. [14] used these signals for fucoidan detection from Fucus vesiculosus Linnaeus.
The absorption band found in region 6 was attributed to fructans. This peak also was found in FTIR spectra from barley, and was used to measure the fructan content by Cozzolino et al. [15] . Sample a (without fucoidan) showed small peaks at regions 4 and 5, which were attributed to fructose [ Fig. 1(B) ]. These peaks were less visible as fucoidan signals were superimposed in samples b-k as a result of the increased concentration of the sulfated polysaccharide. Both polysaccharides could be fully identified in FTIR spectra. More research needs to be carried out to know if this approach is applicable to the food system to determine possible interference with other components.
Integration of powder mixtures FTIR absorption bands and model fitting
Three regions were selected for area calculation, (4, 5 and 6) . Absorbance and area behavior was consistent. The area behavior obtained from absorbance peaks of samples composed of different amounts of agave fructan and fucoidan was linear. Linear models were preferred to prepare calibration curves, to preserve the linearity in the error. After linear regression, R 2 adj was C 0.92 and RMSE was B 3.54% in the three regions [ Fig. 2(A), (B), (C) ].
Since FDA has established as safe the intake of 0.03 g of fucoidan per serving, the most recommended mixture powder from this work would be sample C (1% fucoidan and 99% agave fructan).
An innovative mixture of agave fructan and fucoidan has been proposed in this work. Moreover, the assessment on concentration prediction of the innovative powder mixtures was successfully achieved by ATR-FTIR technique. Integrated FTIR peaks attributed to the presence of both ingredients showed linear model fit. Despite the ATR-FTIR technique could be easily adapted to routine analysis in agave fructan and fucoidan mixtures, more research is needed to establish possible interference with other ingredients in the food system. 
